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0 A thernna! transfer recording device In which a 


d of a spatial structure of the transfer section is 


gap (13) Is provided between a layer (22) of a 


given by 


transfer dye and an object of transfer recording (14) 




and In which the transfer dye is supplied to a trans- 


0.8 n7T(y/ p«2)l/3 < < 1,2n7r(7/po)2)l/3 


fer section (3) and subsequently vaporized by heat- 


ing means so as to be transferred onto the object of 


where ii Is a positive integer. With the present ther- 


transfer recording (14) wherein, with the density of 


mal transfer recording device, a high-quality color 


the transfer dye p, the surface tension of the transfer 


image can be produced easily. 


dye 7 and with the period of heating a unit width 
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BACKGROUND OF THE INVENTION 

This invention relates to a thernnal transfer re- 
cording device in which a transferred innage having 
a continuous gradient nnay be fornned by transfer- s 
ring a transfer dye to an object by a suitable heat 
source depending in image signals. 

Up to now, a thernrial transfer recording device, 
in which an object, such as a photographic paper, 
and a thermal transfer recording nnedium, such as io 
an ink sheet, are superimposed one on the other 
and selectively heated, depending on image sig- 
nals, using heating means, such as laser or a 
thermal head, for transferring the transfer dye from 
the recording medium to the object for recording is 
an image thereon, has been used extensively. 

Above all, the so-called sublimation thermal 
transfer recording device, employing a thermally 
diffusible dye, such as sublimable dye, as the 
transfer dye, is small-sized, and permits facilitated 20 
maintenance and instantaneous recording. In addi- 
tion, the device gives a recorded Image exhibiting 
a sufficient gradient and high quality comparable to 
a halide color photograph. For this reason, the 
device Is attracting attention In connection with the 25 
technology of providing a hard copy of an image of 
a video camera, television or computer graphics. 

An ink ribbon so far used for thermal transfer 
recording comprises a transfer dye mixed with a 
suitable binder resin at a mixing ratio by weight of 30 
1 : 1 to give a coating which is applied on a 
substrate of e.g., a polyester film to a thickness on 
the order of 1 um. However, since the ink ribbon Is 
usually discarded after use, a large quantity of 
waste material Is produced thus raising a problem 35 
in connection with environmental protection. 

Thus an attempt has been made for improving 
the utilization efficiency of the thermal transfer re- 
cording medium. The demand may be met by, for 
example, the transfer dye layer regenerating meth- 4o 
od or the repeated rotational transfer dye layer 
constituting method, in which the transfer dye layer 
of the thermal transfer recording layer is regener- 
ated and repeatedly utilized, and a relative speed 
method, in which the thermal transfer recording 45 
medium may be utilized effectively. 

However, since the above methods are of the 
type in which the dye is transferred by the transfer 
dye layer being pressed against the photographic 
paper, there is unavoidably presented a problem 50 
that, for producing a color image, the dye trans- 
ferred to the object Is transferred back to the 
transferred dye layer thus deteriorating the picture 
quality and marring the Image. 

A device has been proposed in which a gap is 66 
provided between the transfer dye layer and the 
photographic paper for transferring the dye without 
contacting the transfer dye layer with the photo- 



graphic paper. The transfer dye is supplied to the 
transferred area by being allowed to flow In the 
molten state or by being continuously applied on a 
suitable substrate and thence moved to the trans- 
ferred area. The transfer dye is vaporized by heat- 
ing means, such as laser, based on image signals, 
so as to be transferred to the photographic paper. 

However, for carrying out transfer recording by 
such device, since no binder is contained In the 
transfer dye, laser radiation leads to generation of 
the surface-wave due to difference in surface ten- 
sion between the heated portion and the non-heat- 
ed portion of the transfer dye, thus allowing the 
dye to be deviated to a surrounding region to 
render it difficult to vaporize the transfer dye appro- 
priately. 

In the thermal transfer recording device in 
which the gap Is formed between the transfer dye 
layer and the photographic paper and the molten 
transfer dye is vaporized by heating means, such 
as laser, so as to be transferred to and recorded on 
the photographic paper, considerable difficulties 
are met in vaporizing the transfer dye in the de- 
sired manner, although there is no risk of the 
transferred dye being transferred back to the trans- 
fer dye layer. 

SUMMARY OF THE INVENTION 

In view of the foregoing, it is an object of the 
present invention to provide a thermal transfer re- 
cording device in which the transfer dye may be 
satisfactorily vaporized depending on image signals 
so as to be transferred to and recorded on the 
photographic paper In order to permit a high-qual- 
ity color image to be produced easily. 

The present invention provides a thermal trans- 
fer recording device In which a gap Is provided 
between a layer of a transfer dye and an object of 
transfer recording and in which the transfer dye is 
supplied to a transfer section and subsequently 
vaporized by heating means so as to be transferred 
onto the object of transfer recording. According to 
the present invention, the transfer section In which 
the molten transfer dye is vaporized has a spatial 
structure having a unit width d defined by the 
equation: 

0.8 n7f{y/ pa,2)^^3 < ci< 1 ,2m(y/po>^y^^ (1 ) 

where p, 7 and o> are the density of the transfer 
dye, surface tension of the transfer dye and the 
period of heating of the transfer dye by the heating 
means, respectively, and n is a positive integer. 

That is, the thermal transfer recording device 
according to the present invention has the spatial 
structure having the unit width d represented by 
the equation (1). 
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The heating means for the transfer dye nnay be 
constituted by laser. 

The heating means for the transfer dye may 
also be constituted by a thermal head. 

Since the thermal transfer recording device of 
the present Invention has the spatial structure hav- 
ing the unit width d represented by the equation 
(1), it becomes possible to suppress the generation 
of the surface wave on vaporization of the transfer 
dye melted by the heating means. 

That is, a gap is provided between the transfer 
dye layer and the photographic paper in order to 
prevent contact therebetween, and the molten 
transfer dye is vaporized by being heated by the 
semiconductor laser so as to be transferred as an 
image from the transfer section via the gap onto 
the photographic paper. Since the transfer dye 
needs to be vaporized by being heated instanta- 
neously, the surface wave is generated due to the 
difference in surface tension between the heated 
and unheated portions of the transfer dye. How- 
ever, since the unit width d of the spatial structure 
formed in the transfer section Is within an allowable 
range (0.8 - 1 .2 times or less) of an integer num- 
ber times the half-wavelength of the surface wave, 
the surface wave and the spatial structure coop- 
erate to cancel the surface wave, thus promptly 
attenuating the surface wave. Consequently, the 
surface wave unavoidably generated by instantly 
heating the transfer dye may be promptly sup- 
pressed substantially completely, thus prohibiting 
the transfer quantity of the transfer dye to the 
photographic paper from being lowered. 

DESCRIPTION OF THE DRAWINGS 

Flg.1 is a schematic cross-sectional view show- 
ing essential parts of a thermal transfer recording 
device according to a first embodiment of the 
present Invention. 

Fig.2 is a graph showing time changes of a 
laser light output of a semiconductor laser. 

Fig.3 is a schematic plan view showing a par- 
tial construction of a transfer portion of the thermal 
transfer recording device. 

Fig.4 is a schematic cross-sectional view show- 
ing a partial construction of a transfer portion of the 
thermal transfer recording device. 

Fig.5 is a schematic cross-sectional view show- 
ing essential parts of a thermal transfer recording 
device according to a second embodiment of the 
present invention. 

Fig.6 is a cross-sectional view showing essen- 
tial portions of a thermal transfer recording device 
employing a thermal head according to the present 
invention. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring to the drawings, preferred embodi- 

5 ments of the present invention will be explained in 
detail. With the thermal transfer recording device, 
an object to be transferred, such as a photographic 
paper, and a thermal transfer recording medium, 
such as an ink sheet, are superimposed one on the 

10 other, and are selectively heated by heating 
means, such as laser or thermal head, in accor- 
dance with Image signals, for transferring the trans- 
fer dye from the thermal transfer recording medium 
to the object In accordance with image signals for 

75 image recording. 

The thermal transfer recording device accord- 
ing to the first embodiment Includes, as main com- 
ponents, a semiconductor laser 1 as heating means 
for vaporizing the transfer dye In the molten state, 

20 and a dye vat 2 of glass for containing the transfer 
dye therein. 

The transfer dye Is prepared by adding 2 wt% 
of a laser light absorber manufactured by MITSUI 
TOATSU CO. LTD. under the trade name of 

25 HM1225 to a dispersion dye exhibiting physical 
properties of the density p = 1.0 g/cm^ and the 
surface tension 7 = 20 dyne/ cm at a temperature 
of 250° C and by heating the resulting mixture to 
160' C to a molten state. 

30 The semiconductor laser 1 is adapted for ra- 

diating a pulsed laser beam with a period of 2 ills, 
a light emission wavelength of 780 nm and an 
output of 40 mW, as shown in Fig.2. The focal 
length of a lens 1 1 , an optical system for the laser 

36 light beam, is set to 5 x 10 jxm. The state of 
dispersion of the surface wave, generated at this 
time by the difference in surface tension between 
the portions of the transfer dye heated and not 
heated by the laser light, is shown by the equation 

40 

0,2 = (^k3)/p (2) 

where k stands for the number of waves and « 
stands for the pulse period of the laser light. Thus 
45 the wavelength X of the surface wave may be 
represented by the equation 

X = 27r(7/p«2)1/3 (3) 

50 From the above equation (2), the angular fre- 

quency of the surface wave becomes o> = 27r x 5 
X 10^ rad/s. The transfer dye is Instantaneously 
heated to 250' C on laser radiation, so that, from 
the equation (3), the wavelength X of the surface 

56 wave becomes equal to 8.0 um. 

The dye vat 2 is in the shape of a shallow 
casing In which a molten transfer dye Is stored to 
form a transfer dye layer 22. The upper surface of 
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the dye vat 2 is partially opened to form an ap- 
erture 2a of a pre-set area, while the lower surface 
thereof has a transfer section 3 in registration with 
the aperture 2a. A spacer 12 Is formed around the 
rim of the aperture 2a for defining a gap 13 and a 
photographic paper 14 as an object of transfer 
recording is placed on the spacer 12. Thus the 
transfer section 3 is arranged with a pre-set dis- 
tance corresponding to the gap 13 from the photo- 
graphic paper 14 without being in physical contact 
therewith. 

The transfer section 3 has a periodic spatial 
structure comprising plural pillars 21 of a substan- 
tially square cross-section set upright at equal in- 
tervals from one another on the portion of the lower 
surface of the dye vat 2 in registration with the 
aperture 2a. Each pillar 21 has a height above the 
liquid surface of the transfer dye in the dye vat 2 
and faces the aperture 2a, as shown in Fig.3. 

Referring to the spatial structure of the transfer 
section 3, as shown in Fig.4, the width of each 
pillar 21 and the interval between adjacent pillars 
21 are both set to 2 um. That Is, the unit distance 
d (= 4 um), which is equal to the sum of the width 
of each pillar and the interval between the pillars, 
and which corresponds to a period of the spatial 
structure, is selected to be equal to one-half the 
wavelength X of the surface wave generated by the 
difference in surface tension between the heated 
and non-heated portions of the transfer dye on 
laser light radiation. 

With the above-described thermal transfer re- 
cording device of the above-described first em- 
bodiment, having the spatial structure having the 
unit width d corresponding to one period as repre- 
sented by the equation (1), it becomes possible to 
inhibit generation of the surface wave on vaporizing 
the transfer dye melted by laser radiation from the 
laser semiconductor 1 . 

More specifically, with the above arrangement 
in which the gap 1 3 is provided between the trans- 
fer dye layer 22 and the photographic paper 14 in 
order to prevent contact therebetween, and in 
which the molten transfer dye is vaporized by 
being heated by the semiconductor laser 1 so as to 
be transferred as an image from the transfer sec- 
tion 3 via the gap 13 onto the photographic paper 
14, since the transfer dye needs to be vaporized 
by being heated instantaneously, the surface wave 
is generated due to the difference in surface ten- 
sion between the heated and unheated portions of 
the transfer dye. However, since the unit width d 
corresponding to one period of each pillar 21 of the 
spatial structure formed in the transfer section 3 is 
equal to an integer number times, herein 1/2 times 
the half-wavelength of the surface wave, the sur- 
face wave and the pillars 21 cooperate to cancel 
the surface wave, thus promptly attenuating the 



surface wave. Consequently, the surface wave un- 
avoidably generated by instantly heating the trans- 
fer dye may be suppressed substantially com- 
pletely in a short time, thus preventing the transfer 

5 quantity of the transfer dye to the photographic 
paper 14 from being lowered. 

Referring to the spatial structure, It is preferred 
for the unit width d to be in an allowable range of 
0.8 to 1.2 times the integer number times the half 

10 wavelength of the surface wave. If the unit width d 
exceeds the above range, the surface wave attenu- 
ating effect is lowered significantly since it be- 
comes Impossible to disregard the deviation be- 
tween the wavelength X of the surface wave and 

76 the unit width d. 

Measurements of the image transfer quantity 
were conducted using the thermal transfer device 
according to the first embodiment. It was found that 
the transfer dye was transferred to an area of 80 

20 us X 80 um of the photographic paper 14 per 
msec in an amount of OD 2.2 as measured with a 
Macbeth densitometer. In addition, the transferred 
quantity was increased in proportion to the transfer 
time. 

25 Several comparative embodiments are now giv- 

en in connection with the measurement of the 
image transfer quantity in the first embodiment. In 
the first comparative embodiment, the image trans- 
fer quantity was measured under the condition that 

30 the unit width d corresponding to one period of the 
spatial structure of the transfer section 3 was set to 
3 um, that is the width of each pillar 21 and the 
interval between the pillars 21 were both set to 1.5 
um, with the remaining values being the same as 

36 those of first embodiment. It was found that only 
the transfer dye corresponding to OD 1.2 as mea- 
sured by the Macbeth densitometer was trans- 
ferred per msec on an area of 80 um x 80 um. It 
was also found that the dot OD was not changed 

40 with prolonged transfer time, although the dot di- 
ameter on the photographic sheet 14 was in- 
creased. 

Then, by way of a second comparative em- 
bodiment, the image transfer quantity was mea- 

45 sured under the condition that the pulse period of 
the laser light of the semiconductor laser 1 was set 
to 20 us, that is the wavelength X of the surface 
wave was set to 3.7 um, with the remaining values 
being the same as those of the first embodiment. It 

50 was found that only the transfer dye corresponding 
to OD 1 .1 as measured by the Macbeth densitom- 
eter was transferred per msec on an area of 80 um 
X 80 um. It was also found that the dot OD was 
not changed with prolonged transfer time, although 

56 the dot diameter on the photographic sheet 14 was 
increased. 

Thus, with the above-described first embodi- 
ment of the thermal transfer recording device, the 



5 



7 



EP 0 678 391 A1 



8 



image transfer quantity is substantially twice that in 
case the spatial structure in the transfer section 3 
Is outside the range of the equation (1), thus en- 
abling the high-quality color image to be produced 
easily. 

The thermal transfer recording device accord- 
ing to the second embodiment is now explained. 
The parts and components similar to those of the 
previous embodiment are correspondingly num- 
bered. 

The second embodiment is substantially similar 
to the first embodiment, with the exception that the 
spatial structure of the transfer section is different 
from that of the previous embodiment. 

The transfer section 3 of the thermal transfer 
recording device of the present embodiment has a 
groove 31 in the lower bottom surface of the dye 
vat 2 in registration with the aperture 2a, as shown 
In Fig.5. 

The groove 31 has a width d a unit width, 
equal to 75 um, and a depth of 20 um, and Is filled 
with the transfer dye in the molten state. The 
semiconductor laser 1, as heating means for the 
transfer dye, is so set that the pulse period of the 
laser light id 20 us, that is the wavelength X of the 
surface wave, as derived from the equations (1) 
and (2), is equal to 3.7 um. 

With the above-described thermal transfer re- 
cording device of the second embodiment, having 
the spatial structure with the unit width d as repre- 
sented by the equation (1), It becomes possible to 
inhibit generation of the surface wave on vaporizing 
the transfer dye melted by laser radiation from the 
laser semiconductor 1. 

More specifically, with the above arrangement 
in which the gap 13 is provided between the trans- 
fer dye layer 22 and the photographic paper 14 In 
order to prevent contact therebetween, and in 
which the molten transfer dye is vaporized by 
being heated by the semiconductor laser 1 so as to 
be transferred as an image from the transfer sec- 
tion 3 via the gap 13 onto the photographic paper 
14, since the transfer dye needs to be vaporized 
by being heated instantaneously, the surface wave 
is generated due to the difference in surface ten- 
sion between the heated and unheated portions of 
the transfer dye. However, since the unit width d of 
the groove 31 of the spatial structure formed In the 
transfer section 3 is equal to an integer number 
times, herein 40 times the half-wavelength of the 
surface wave, the surface wave and the groove 31 
cooperate to cancel the surface wave, thus promp- 
tly attenuating the surface wave. Consequently, the 
surface wave unavoidably generated by instantly 
heating the transfer dye may be suppressed sub- 
stantially completely in a short time, thus prohibit- 
ing the transfer quantity of the transfer dye to the 
photographic paper 14 from being lowered. 



Measurements of the Image transfer quantity 
were conducted using the thermal transfer device 
according to the second embodiment. It was found 
that the transfer dye was transferred to an area of 
5 80 us X 80 um of the photographic paper 14 per 
msec in an amount of OD 2.0 as measured with a 
Macbeth densitometer. In addition, the transferred 
quantity was Increased In proportion to the transfer 
time, 

10 Another comparative embodiment (third com- 

parative embodiment) is now given In connection 
with measurement of the image transfer quantity in 
the second embodiment. In the third comparative 
embodiment, the image transfer quantity was mea- 

15 sured under the condition that the width d of the 
groove 31 as a unit width in the spatial structure of 
the transfer section 3 was set to 65 um, which was 
not an Integer number times the half wavelength of 
the surface wave, with the remaining values being 

20 the same as those of second embodiment. It was 
found that only the transfer dye corresponding to 
OD 1.4 as measured by the Macbeth densitometer 
was transferred per msec on an area of 80 um x 
80 um. It was also found that the dot OD was not 

25 changed with prolonged transfer time, although the 
dot diameter on the photographic sheet 14 was 
increased. 

Thus, with the above-described second em- 
bodiment of the thermal transfer recording device, 

30 the image transfer quantity is slightly less than 
twice that in case the spatial structure in the trans- 
fer section 3 Is outside the range of the equation 
(1), thus enabling the high-quality color picture to 
be produced easily. 

36 The present invention is not limited to the 

above-described first or second embodiments. For 
example, a thermal head may be employed In 
place of the semiconductor laser as heating means 
for the transfer dye. Fig.6 shows an embodiment of 

40 the present invention in which the thermal head is 
employed. The thermal head shown in Fig.6 has a 
heater 41, such as a resistor, below the pillar 21 
provided in the dye vat 2. 

The spatial structure of the transfer section 3 

45 may be constituted by holes or the wall on a 
concentric circle, instead of by the pillars 21 or the 
groove 31, provided that the equation (1) Is satis- 
fled. 

50 Claims 

1. A thermal transfer recording device in which a 
gap is provided between a layer of a transfer 
dye and an object of transfer recording and in 
55 which the transfer dye Is supplied to a transfer 

section and subsequently vaporized by heating 
means so as to be transferred onto the object 
of transfer recording, wherein the improvement 
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resides in that 

with the density of the transfer dye p, the 
surface tension of the transfer dye 7 and with 
the period of heating oi, a unit width d of a 
spatial structure of the transfer section is given 5 
by 

0.8 nir{y/ p<o^)^f^ < d < 1 ,2 n-niy/pJ^)^^ 
where n is a positive Integer. 10 

2. The thermal transfer recording head as 
claimed in claim 1 wherein laser is employed 
as heating mans for the transfer dye. 

76 

3. The thermal transfer recording head as 
claimed in claim 1 wherein a thermal head is 
employed as heating mans for the transfer 
dye. 
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